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ABSTRACT 
SPATIAL AND TEMPORAL VARIABILITY OF PARTICULATE AND 
CHROMOPHORIC DISSOLVED ORGANIC MA TIER ABSORPTION 
IN THE NORTHERN GULF OF MEXICO 
by Ashley Ann Lojek 
December 2012 
Coastal regions influenced by large freshwater inputs exhibit large 
variability in absorption and associated optical properties. Therefore, understanding 
coastal ecosystem processes requires intensive, ongoing sampling. Analysis of the 
Mississippi and Atchafalaya River plumes took place on board the RIV Pelican on two 
separate cruises. MagMix-1 occurred from May 1 to May 8, 2008 and corresponded to the 
highest discharge periods for both rivers for 2008; MagMix-11 took place October 31 to 
November 6, 2008 and corresponded to the lowest discharge periods for both rivers for 
2008. Samples were collected along four transects in the northern Gulf of Mexico and 
were divided into three different spatial groupings for analysis: Atchafalaya River 
outflow region/Mississippi River outflow region, near shore stations/offshore stations and 
surface samples/samples taken at the bottom of the water column. 
A central hypothesis for this work was that there were fundamental differences in 
the partitioning of total absorption in Atchafalaya and Mississippi outflow regions due to 
the differences in hydrology and associated biogeochemistry. This hypothesis was 
rejected as MagMix data could not support this claim with data from chromophoric 
dissolved organic matter absorption, total particulate absorption, phytoplankton pigment 
11 
absorption or detrital absorption (acoou ap, aph, or adet). Only actual Mississippi or 
Atchafalaya River samples taken during MagMix-II had any significant differences with 
respect to acooM, but neither rivers' respective outflow regions were significantly 
different from one another. 
Furthermore, it was hypothesized that coastal and offshore waters will exhibit 
fundamental differences in partitioning attributable to differences in allocthonous and 
autochthonous source terms. Both acooM and ap had significant differences when their 
near shore stations were compared to their offshore stations, for both cruises. 
When comparing the surface samples and deep samples, variability was 
significant for acooM, for both MagMix-I and MagMix-II_ Differences in ap were not 
significant when one compared the surface samples to samples taken at depth. 
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CHAPTER! 
INTRODUCTION 
Absorption 
Absorption is the process whereby light energy is transferred to molecules 
resulting in an excited molecular state (Kirk, 1994). In aquatic systems, there are various 
possible fates of absorbed light energy, including dissipation as heat, contribution to 
electron transport in photosynthesis, and photochemical degradation of organic matter. 
Absorption of light is a fundamental process influencing the attenuation of light in the 
water column. Understanding processes that influence absorption is vital to being able to 
fully understand the ocean's optical properties. 
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Absorption is a fundamental inherent optical property (IOP) or a property 
dependent solely on the characteristics of the medium. Apparent optical properties (AOP) 
are quantities that describe the behavior oflight and its relationship to the contents of the 
aquatic medium. AOPs are dependent on both I0Ps and the structure of the light field 
(Mobley, 1994). Thus, accurate quantification of absorption is essential for understanding 
optical properties of natural waters (Babin et al., 2003). There are four main constituents 
that contribute to the total absorption of seawater [a(l) , m-1]: water, chromophoric 
dissolved organic matter (CDOM), phytoplankton pigment absorption, and non-algal 
particles [aw(A.) , acooM (A.), aph (A.) and at1e, (A.) respectively]. It is the dissolved (acooM) 
and total particulate (aph and at1e,) absorption by organic matter that are responsible for the 
unique bio-optical signature of a given body of water (Mobley, 1994). 
Coastal regions influenced by large freshwater inputs exhibit large variability in 
absorption and associated optical properties (D'Sa and Miller, 2005). Such waters are 
typically referred to as Case II waters; locations where optical properties are not 
necessarily correlated with phytoplankton contributions (Morel and Prieur, 1977). Large 
inputs of terrestrial inorganic and organic matter contribute to strong gradients in 
dissolved and particulate absorption. The nature and amount of river-borne material will 
be strongly influenced by the characteristics of the watershed and river hydro logic 
properties. In addition to riverine inputs of organic matter, enhanced biological 
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productivity associated with riverine nutrient inputs may be linked to large variations in 
phytoplankton abundance and species composition (Ho and Barrett, 1975; Lohrenz et al., 
1997; Rabalais et al., 2001; Redalje et al., 1994). 
Study Region 
The Gulf of Mexico (GOM) is the ninth largest body of water in the world and is 
a part of the Atlantic Ocean (EPA, 2009). Its borders include the southern United States, 
eastern Mexico and Cuba. Near shore, freshwater inputs from the Mississippi and 
Atchafalaya river systems, and their associated terrestrial material input, have been 
implicated in the recurrent, seasonal hypoxia present in the northern Gulf (Rabalais et al., 
2001). Offshore waters are strongly influenced by the Loop Current and its associated 
mesoscale eddies (Nipper et al., 2008). 
The loop current is part of the subtropical gyre in the North Atlantic that enters 
into the Gulf between Mexico and Cuba, forms a circulation ( or loop) within the Gulf and 
exits between Florida and Cuba, continuing on to become the Gulf Stream. The Loop 
Current is visible as an area of low chlorophyll in the southeastern region of the Gulf of 
Mexico (Figure 1 ). Data for Figure 1 were produced with the Giovanni online data 
system, developed and maintained by the NASA GES DISC and were acquired with the 
Moderate Resolution Imaging Spectroradiometer (MODIS) on the Aqua satellite 
platform. The Giovanni dataset can be accessed through the NASA Ocean Color Home 
web page. The figure is a composite image for the week of April 30, 2008-May 7, 2008 
(corresponding to the first Mississippi-Atchafalaya-Gulf of Mexico research cruise, 
referred to as MagMix herein) and shows the spatial variability of chlorophyll. 
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Figure 1. Satellite image for the week of MagMix-I (30 Apr - 7 May 2008, with four 
kilometer resolution (MODIS Aqua). 
Another distinctive characteristic ofMagMix's GOM study site, specially the 
northern GOM region affected by the Mississippi River and Atchafalaya River 
discharges, was the seasonal hypoxia. The recurrent and extensive hypoxia has been 
attributed to the increased nutrient concentrations that are introduced into the Gulf from 
the Mississippi and Atchafalaya River systems (Dagg et al., 2007; Rabalais et al., 2001 ; 
Rabalais et al., 2002). However, physical conditions have also been argued to be a 
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contributing factor (Bianchi et al., 2010). The high nutrient loading associated with 
freshwater input leads to a significant increase in the biological activity (Lohrenz et al., 
1997; Lohrenz et al., 2008). Around 1 trillion cubic meters of freshwater from more than 
150 rivers enter the GOM as part of the Mississippi and Atchafalaya outflows (Moody, 
1967). Drainage from the coterminous United States is responsible for 85% of all the 
freshwater flowing into the GOM; the Mississippi River alone is responsible for 64% of 
the United States' input (Nipper et al., 2008). The Mississippi and its tributaries drain 
41 % of the 48 contiguous states and is the seventh largest river in the world, with respect 
to sediment flux and discharge (Van der Leeden et al., 1990). Because of large seasonal 
variations in river discharge, the coastal region influenced by the river outflow is highly 
variable. Therefore, understanding the relationship between river inputs and coastal 
ecosystem processes requires intensive, ongoing sampling. 
River Characteristics 
The Atchafalaya River differs from the Mississippi River in hydrologic and 
hydrodynamic characteristics, which results in different constituent composition of 
outflow waters. Since 1963, approximately one third of the Mississippi flow has been 
diverted into the Atchafalaya River at the Old River diversion site (Roberts, 1998). It can 
thus be inferred that the water at the beginning of the Atchafalaya and the continuance of 
the Mississippi are similar. However, the Mississippi has been engineered such that there 
is limited interaction with the adjacent wetlands, eventually making its way to the Gulf of 
Mexico as an unconfined river plume. An annual mean discharge of around 580 km3 of 
Mississippi River water is discharged into the GOM, along with 200 million metric tons 
of suspended sediment, to create a drainage basin well over 2.6 million square kilometers 
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(Swarzenski, 2000). Upon entering the GOM, a substantial portion of the flow of the MR 
goes to the west. However, periodic frontal passages and seasonal changes in wind 
patterns can result in significant southward and eastward transport, especially during 
summer months (Walker et al., 2005). At the Southwest Pass, the presence of a persistent 
clockwise gyre has been inferred from satellite observations (Walker et al., 2005). In 
contrast to the Mississippi River, the Atchafalaya River undergoes extensive interactions 
with the nearby wetlands and flows at an average discharge rate of 173 km3 per year into 
the semi-confined Atchafalaya Bay (Chen and Gardner, 2004; Ho and Barrett, 1975). 
Seawater Constituents 
Sampling for bio-optical constituents can be used to help characterize differences 
in water mass properties that may be influenced by river outflow. River input of 
freshwater and associated materials are important in influencing bio-optical properties, 
such asap and acDoM (absorption of particulate matter and CDOM, respectively). Since 
the interactions of the two river systems with their respective watersheds differ, we 
postulated that the bio-optical properties of the Atchafalaya River, and specifically 
relationships among different constituents contributing to absorption, would differ from 
that of the Mississippi River. 
Characterization of bio-optical properties, such as absorption, can provide 
information about water mass properties. Total particulate absorption (ap) refers to the 
sum of the phytoplankton absorption ( aph) and the absorption of non-algal particles ( ade,) 
(Babin et al., 2003; Sosik and Mitchell, 1995). This includes a large list of components: 
detritus, colloids, viruses and bacteria, marine snow, protozoa, suspended sediment and 
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phytoplankton. Here, particulate absorption is defined as the absorption measured using a 
0. 7 µm filter and CDOM as the absorption using a 0.2 µm filter (Pan et al., 2008). 
Colored dissolved organic matter (CDOM) is organic matter formed as a by-
product of decomposition or can be coastally leached from soils (Coble et al., 2003). 
CDOM can have a marine biogenic origin, such as excretion, sloppy feeding, or cell lysis. 
However, in coastal waters, terrestrial sources can dominate (Coble et al., 2003). As such, 
it is sometimes used as a freshwater tracer in the ocean. Photochemical reactions can 
result in the bleaching of CDOM and is considered one of its main sinks of CDOM (Chen 
and Gardner, 2004; Coble et al., 2003). 
Previous Research 
Major patterns that are frequently observed in CDOM concentrations include 
higher concentrations of acooM in the vicinity of river outflow and an inverse relationship 
between CDOM and salinity (Coble et al., 2003). In addition, concentrations of CDOM 
are frequently higher near the coastline and the influences of the rivers (Chen and 
Gardner, 2004; H0jerslev and Aarup, 2002). In coastal water, the magnitude of CDOM 
absorption can be greater than that of phytoplankton absorption and relative proportions 
vary depending on differences in source and loss terms (Pan et al., 2008). 
Previous measurements of CDOM which compared the Mississippi and 
Atchafalaya Rivers revealed distinct differences; the Atchafalaya River basin was found 
to have a higher concentration of CDOM than the Mississippi (Chen and Gardner, 2004). 
It was hypothesized that this was due to the interaction between the wetlands and the 
Atchafalaya, while interactions with surrounding regions along the Mississippi River 
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were more restricted (Chen and Gardner, 2004). Chen and Gardner (2004) also found that 
the higher the river discharge, the more dispersed the CDOM in the outflow region 
The Mississippi River has a higher nutrient input into the Gulf of Mexico than the 
Atchafalaya. Prior research has reported that the higher nutrient concentration contributed 
to higher phytoplankton biomass concentrations in the Mississippi River plume waters 
when compared to the Atchafalaya (Ho and Barrett, 1975; Redalje et al., 1994). Primary 
productivity and chlorophyll concentrations have been shown to exhibit a peak at 
intermediate salinities (- 13-18) in the Mississippi River plume (Dagg et al. , 2004; 
Lohrenz et al., 1999). This is attributed to a combination of initially high nutrients and 
turbid conditions that limit productivity at low salinities. As freshwater mixes with ocean 
water, light penetration increases and productivity increases at mid-salinities. At high 
salinities, nutrients are reduced by both uptake and dilution, thereby limiting productivity. 
Hypothesis and Objectives 
The distributions and properties of absorption were examined in the northern Gulf 
of Mexico region, which is subject to the influence of the outflows of the Mississippi and 
Atchafalaya rivers. A central hypothesis for this work was that varying freshwater inputs 
from the Mississippi and Atchafalaya rivers have a significant impact on spatial and 
temporal patterns in absorption over a large portion of the Louisiana shelf. An additional 
hypothesis was that there are fundamental differences in the partitioning of total 
absorption in Atchafalaya and Mississippi outflow regions due to the differences in 
hydrology and associated biogeochemistry. The overall objective of this study was to 
examine distributions of absorption by dissolved and particulate materials in outflow 
regions of the Mississippi and Atchafalaya Rivers and across the Louisiana shelf. The 
Mississippi and Atchafalaya represent two contrasting river-ocean systems for which 
there are limited observations of absorption properties. A secondary objective was to 
examine and compare partitioning of absorption properties among dissolved and 
particulate fractions in waters subject to the influence of these two river systems. 
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CHAPTER II 
EXPERIMENTAL PLAN 
Mississippi/ Atchafalaya/Gulf of Mexico-Mixing Cruises 
9 
Analysis of the Mississippi and Atchafalaya River plumes took place on board the 
RIV Pelican on two separate occasions. MagMix-I occurred from May 1 to May 8, 2008 
and MagMix-II took place October 31 to November 6, 2008. These were the first and 
second MagMix cruises in a series of three. The work described here was conducted as 
part of a larger research project to study trace metals and was funded by the National 
Science Foundation under Principal Investigator Dr. Alan Shiller. This location was 
chosen because of the significant influence of the two major rivers on the surrounding 
GOM waters. Station locations (Figure 2 and Table 1) were chosen to correspond to 
standard locations sampled in conjunction with hypoxia surveys by Louisiana 
Universities Marine Consortium (LUMCON) (Rabalais et al., 2001). Not all stations in 
the LUMCON grid were sampled due to time restrictions. Sampling began with "X" 
stations while the RIV Pelican was underway to transect A. The first complete transect 
was A, followed by C, F then I. On the way back to LUMCON, one to two stations along 
each of the B, D, E, and G transects, which corresponded to the region of recurrent 
hypoxia, were sampled. Sampling was conducted at all stations from at least two depths, 
surface and subsurface. Surface samples were taken just below the surface of the water, 
at approximately lm depth. Subsurface samples were taken at various depths with the 
deepest generally about lm above the sea floor. 
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Figure 2. Map of stations sampled during MagMix-I and MagMix-II overlaid on an 
MODIS Aqua true color image from 28 Oct 2008. The black, dashed line represents the 
100 m isobath. 
Table 1 
Station data for MagMix-I including: station name, date sampled and latitude and 
longitude. 
Station 
A3 
A5 
A7 
A8 
A9 
Al 
Cl 
C4 
C6C 
C7 
C9new 
Cll 
FO 
Fl 
F2 
Date 
5/2/2008 
5/2/2008 
5/2/2008 
5/2/2008 
5/2/2008 
5/3/2008 
5/3/2008 
5/3/2008 
5/3/2008 
5/3/2008 
5/3/2008 
5/4/2008 
5/4/2008 
5/4/2008 
5/4/2008 
Time (UT) 
22:01 
19:55 
16:57 
15:50 
13:04 
0:02 
12:51 
15:18 
17:27 
20:00 
23:05 
2:08 
14:29 
20:32 
21:40 
Lat 
29.178 
29.069 
28.942 
28.833 
28.740 
29.288 
29.055 
28.949 
28.866 
28.832 
28.766 
28.587 
29.274 
29.185 
29.052 
Lon 
89.752 
89.751 
89.751 
89.751 
89.776 
89.751 
90.533 
90.525 
90.492 
90.392 
90.221 
90.204 
91.618 
91.618 
91.616 
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Table 1 (continued). 
Station Date Time (UT) Lat Lon 
F3 5/4/2008 23:53 28.884 91.617 
F5 5/5/2008 4:04 28.692 92.617 
F7 5/5/2008 11 :53 28.449 91.617 
F8 5/5/2008 15:25 28.180 91.616 
11 5/6/2008 19:54 29.536 92.752 
12 5/6/2008 18:21 29.408 92.75 1 
14 5/6/2008 15:51 29.175 92.751 
16 5/6/2008 12:25 28.891 92.75 1 
18 5/6/2008 3:59 28.642 92.751 
19 5/6/2008 0:20 28.384 92.754 
E2 5/7/2008 20:54 28.858 91.249 
E3 5/7/2008 22:45 28.658 91.249 
F3-2 5/7/2008 16:29 28.884 91.617 
G3 5/7/2008 11 :54 28.983 91.999 
H4 5/7/2008 2:42 29.035 92.383 
B4 5/8/2008 10:12 29.028 90.121 
D3 5/8/2008 2:29 28.719 90.834 
ARI 5/4/2008 11:40 29.397 91.362 
AR2 5/4/2008 12:05 29.323 91.429 
AR3 5/4/2008 12:28 29.303 91.497 
AR4 5/4/2008 12:42 29.299 91.5 17 
AR5 5/4/2008 13:08 29.295 91.542 
AR6 5/4/2008 13:20 29.293 91.551 
AR7 5/4/2008 13:35 29.275 91.618 
AR8 5/4/2008 12:28 29.277 91.632 
Table 2 
Station data for MagMix-II including: station name, date sampled and latitude and 
longitude. 
Station 
MRI 
MR2 
MR3 
MR4 
MRS 
MR6 
MR7 
MR8 
MR9 
MRIO 
Date 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
10/31/2008 
Time (UT) 
19:11 
19:18 
19:29 
20:00 
20:12 
20:18 
20:20 
20:25 
20:30 
20:54 
Lat 
28.782 
28.796 
28.815 
28.872 
28.893 
28.906 
28.908 
28.999 
28.926 
28.969 
Lon 
89.525 
89.506 
89.500 
89.456 
89.438 
89.432 
89.429 
89.422 
89.415 
89.383 
11 
12 
Table 2 ( continued). 
Station Date Time (UT) Lat Lon 
MRll 10/31/2008 21:20 29.018 89.344 
MR12 10/31/2008 21:42 29.058 89.313 
MR13 10/31/2008 22:52 29.202 89.281 
MR14 10/31/2008 23 :34 29.272 89.349 
X3 10/31/2008 14:50 28.758 89.537 
Al 11/1/2008 12:31 29.288 89.751 
A3 11/1/2008 14:01 29.178 89.752 
A3 11/1/2008 14:01 29.178 89.752 
AS 11/1/2008 15:53 29.069 89.751 
AS 11/1/2008 15:53 29.069 89.751 
A7 11/1/2008 17:54 28.942 89.751 
A9 11/1/2008 21:19 28.740 89.776 
Cl 11/2/2008 17:48 29.055 90.533 
Cll 11/2/2008 1:02 28.587 90.204 
C4 11/2/2008 16:16 28.949 90.525 
C6C 11/2/2008 14:48 28.866 90.492 
C7 11/2/2008 13:06 28.832 90.392 
C9new 11/2/2008 3:57 28.766 90.221 
ARI 11/3/2008 15:46 29.626 91.257 
AR2 11/3/2008 16:50 29.377 91.379 
AR3 11/3/2008 17:31 29.334 91.420 
AR4 11/3/2008 17:44 29.325 91.428 
AR5 11/3/2008 18:01 29.311 91.439 
AR6 11/3/2008 18:20 29.293 91.456 
FO 11/3/2008 20:04 29.274 91.618 
Fl 11/3/2008 21 :20 29.185 91.618 
F2 11/3/2008 22:58 29.052 91.616 
F3 11/3/2008 0:53 28.884 91.617 
F5 11/3/2008 2:59 28.692 92.617 
F7 11/4/2008 12:53 28.449 91.617 
F8 11/4/2008 15:51 28.180 91.616 
I8 11/4/2008 2:37 28.641 92.751 
I9 11/4/2008 23:29 28.384 92.754 
GHO 11/5/2008 0:51 29.468 92.260 
HO 11/5/2008 22:59 29.492 92.385 
I1 11/5/2008 19:49 29.536 92.752 
I2 11/5/2008 18:06 29.408 92.751 
I4 11/5/2008 15:46 29.175 92.751 
I6 11/5/2008 12:53 28.891 92.751 
Bl 11/6/2008 23:32 29.092 90.207 
Cl W 11/6/2008 2:37 29.058 90.533 
Cl-I 11/6/2008 2:08 29.057 90.533 
Table 2 (continued). 
Station 
DO 
El 
Date 
11/6/2008 
11/6/2008 
Time (UT) 
15:27 
12:26 
Lat 
29.015 
28.967 
Quantitative Filter Pad Technique 
Lon 
90.832 
91.251 
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The quantitative filter pad technique (QFT) was used to obtain the total particulate 
and detrital absorption data. The sample water was collected from the Niskin bottles 
using several one liter Nalgene high-density polyethylene bottles. The sample was then 
filtered onto Whatman GF IF 25 mm diameter filters with a nominal pore size of 0. 7 µm. 
The vacuum pressure was kept under 5 mm Hg, to minimize rupturing of cells and 
disruption of particles. Care was taken to avoid allowing the samples to go dry during 
filtering. The samples were placed into Fisher HistoPrep Tissue Capsules, labeled and 
then immediately stored in a Dewar filled with liquid nitrogen . 
• 
Figure 3. Filter rig used to collect water samples. 
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Upon returning to the lab, the samples were analyzed using a Perkin Elmer 
UVNIS Spectrophotometer Lambda 18, with a reflectance spectroscopy accessory. The 
range of wavelengths analyzed was from 350 run to 800 run, with a slit width of2 run. 
One transmittance curve was taken per sample with the filtered sample positioned over 
the entrance to the integrating sphere cavity and sample side facing the beam (T J. The 
filtered sample was then placed at the far end of the integrating cavity with the sample 
facing the beam and reflectance was determined (Rs}. A similar set of measurements 
were made for a blank filter (Tj; R1) and the transmittance of the filter-retained sample, Ts, 
was determined as the ratio of Ts/ I Tj. Two blank filters were prepared by moistening 
with filtered seawater. New blanks were made every day. The order of analysis was to 
run a blank, followed by two samples, then another blank to account for machine drift. In 
preparation for analysis, the filter pads were placed in labeled, blackened petri dishes 
containing a Kim Wipe® tissue moistened with Milli-Q water and covered with a lid. The 
filter was placed on top of a moist Kim Wipe® to allow for the rehydration of the filter 
pad. 
Following the initial scan of the filtered samples, a methanol extraction was then 
performed to remove pigments. The sample was placed in a filter holder on a rig 
equipped with a hand vacuum pump. The methanol was heated to near boiling, and then 
poured onto the sample. The sample was allowed to stand for at least one minute to 
ensure that the methanol has sufficiently saturated the filter pad. The methanol was then 
drawn off by vacuum and the process was repeated. After two methanol extractions, the 
filter pad was rinsed twice with the same filtered seawater used for the blanks. The filter 
pad was placed back into the Petri dish to moisten; then placed on a slide and both 
transmission and reflectance spectra were acquired again after which the filter pad was 
discarded. 
15 
Determination of particulate absorption was made using a procedure modified 
from the transmission-reflectance (T-R) method ofTassan and Ferrari (1995) with further 
modification as described in Mueller et al. (2002) and Lohrenz (2000). Global sample 
absorption, Gs· , was determined as follows: 
(1) 
Filter pad absorption, Gjp, was calculated using the following Tassan and Ferrari equation 
(1995): 
(2) 
where Gs* is the global sample absorption as defined by Tassan and Ferrari (1995) and 
Eqn. 1, pis the path-length amplification factor, and dg is the geometric path-length, 
equivalent to the product of volume filtered and the clearance area of the filter. The 
above-mentioned equation was applied to total and methanol-extracted absorption spectra 
to obtain total and detrital absorption. The difference between total particulate absorption 
(Gp) and detrital absorption (Gde,) represents pigment absorption (Gph). 
Colored Dissolved Organic Matter Analysis 
The sample water was collected from the Niskin bottles using several one liter 
Nalgene bottles. The sample was then filtered through a Fisher 0.2 µm polycarbonate 
filter. The first (approximately) 200 mL filtered was used to rinse the filter and collection 
flask. The next 20 mL was used to rinse the acid-washed, amber, 100 mL Qorpak® 
sample bottles. Enough sample water was then filtered to nearly fill the sample bottles, 
which were then immediately refrigerated. 
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Upon returning to the lab, the samples were stored in a refrigerator at 5°C until 
analysis. Prior to analysis, the samples were removed from the refrigerator and kept in 
darkness overnight to acclimate to room temperature. A dual-beam Varian Cary 300 Bio 
UV-Visible Spectrophotometer was used for the analysis. The blank and samples were 
scanned in a ten cm quartz cuvette; with the blank being Milli-Q® water. The 
spectrophotometer measured the wavelengths from 200 to 800 nm, measuring at 1 nm 
intervals, at a scan rate of 600 run/min. The samples were run in the order of blank, five 
samples, and then blank again to allow for drift correction. The data were acquired on a 
computer interfaced with the instrument using the Varian software. This procedure was 
modified from Mueller et al., 2002. 
Statistics Used 
There were three main comparisons made of data that were evaluated: 1) along 
shelf comparisons by transect; 2) comparisons in relationship to freshwater and nutrient 
sources (Mississippi and Atchafalaya rivers and salinity relationships); and 3) surface 
samples versus subsurface samples. 
Use of parametric statistics requires that certain assumptions must be met. These 
assumptions include: normally distributed data, variance of the sample must be 
independent of the mean, and the components of the variance should be additive. 
Because these criteria were not satisfied in all cases for the data in this study, a variety of 
non-parametric statistics were used to analyze data. Statistical data analyses were done 
using Matlab. A p-value of equal to or less than 0.05 was defined as the criterion for 
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statistical significance of differences among data groups, which corresponded to a 95% or 
greater confidence level. 
When two groups were compared for similarity (i.e., comparison among 
transects), a Kruskal-Wallis test was employed. This was used to elucidate the statistical 
differences between the means of two independent spatial or temporal groups and 
determine whether the differences between the means were significant. Pairwise 
comparisons were made using a Tukey test, which evaluated differences among means of 
groups and all the possible pairs. 
Relationships to Environmental Variables. Since CDOM has often been used as 
an indicator of freshwater (Coble et al., 2003), relationships between salinity and acooM 
were examined. 
To relate observed variations in dissolved and particulate organic absorption and 
the relative contributions of ap, aph and adet to variations in environmental conditions, 
relationships of absorption to nitrate and salinity were also examined. Previous research 
has shown linkages between nutrient inputs and biological activity, and that peak 
chlorophyll concentrations have been observed at intermediate salinities (Dagg et al., 
2004; Lohrenz et al.; 1997; Lohrenz et al., 1999). Pigment packaging is accessed by the 
ratio of pigmented absorption in the blue spectra (aph440-aph443) to pigmented absorption 
in the red spectra (aph675- aph676) (Barocio-Leon et al. 2006; Mercado et al. 2008; Wang 
et al., 2010). Phytoplankton absorption at 676 run is generally dominated by chlorophyll-
a, while aph in the blue region is representative of chlorophyll-a plus accessory pigments 
(Mercado et al. 2008). Thus, aph443 /aph676 will decrease with an increase in the size 
index with large, highly pigmented cells having a higher pigment packaging effect than 
their smaller counterparts (Barcoio-Le6n et al. 2006; Wang et al. 2010). 
18 
CHAPTER III 
RESULTS 
19 
The overall objective of this research was to characterize distributions of 
absorption properties in outflow regions of the Mississippi and Atchafalaya rivers. A 
secondary objective was to examine differences in partitioning of absorption properties 
among dissolved and particulate fractions in different coastal and offshore regions. 
Differences in absorption partitioning were assessed in relation to depth in the water 
column, location along the shelf, and associated proximity to freshwater sources. Three 
types of comparisons were made including the following categories: 1) along shelf 
variations from west to east, which involved the comparisons between transects along the 
shelf; 2) variations in relation to salinity and temperature; and 3) variations as a function 
of depth, which involved comparisons of surface and subsurface water column samples. 
This approach gave a multi-dimensional picture of the absorption patterns in the waters 
of the Northern Gulf of Mexico for both cruises. As previously described in the Methods 
section, dissolved absorption was defined as the absorption due to colored dissolved 
organic matter (acooM, m"1). Total particulate absorption (ap, m"1) was partitioned into 
absorption due to phytoplankton pigments (aph, m·1) and detrital (or non-pigmented) 
particulate material (adet, m·1) . 
In the remainder of the results, first, the temporal patterns of discharge will be 
described for the Mississippi and Atchafalaya Rivers and then the absorption 
characteristics are considered with respect to the different categories given above and for 
the different cruise periods. 
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Mississippi and Atchafalaya River Discharge 
The Mississippi and Atchafalaya Rivers exhibit strong seasonal variations in 
discharge patterns. Both were characterized by peak levels of discharge in spring (which 
corresponded to the May cruise) and low levels of discharge in the fall (November 
cruise). Thus, the two cruises provided sampling representative of the extremes in river 
discharge conditions. 
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Figure 4. Graph of discharge (103 m3·s·1) for the Mississippi and Atchafalaya rivers for 
2008. Discharge data were from the U.S. Army Corps of Engineers from the Tarbert 
Landing, MS site (Mississippi River, Gage ID 01100) and Simmesport, LA site 
(Atchafalaya River, Gage ID 3045). The vertical gray areas correspond to cruise periods. 
Table 3 
Mean flow rates of the Mississippi (at Tarbert Landing) and Atchafalaya Rivers (at 
Simmesport) in m3·s-1 during the respective cruise dates. 
Cruise 
May2008 
November 2008 
Discharge Median and Range (103 m3·s-1) 
Mississippi River 
36.5 (33.1 - 39.8) 
6.80 (6.63 - 6.99) 
Atchafalaya River 
15.8 (14.4 - 17.3) 
2.96 (2.86 - 3.06) 
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During the May cruise period, the river discharge was declining and discharge 
varied by approximately 18%. The Mississippi River gage site was located at Tarbert 
Landing, MS corresponding to river mile 306.3. There is clearly a lag between the flow 
conditions at the gage site and the outflow from the river mouth. In addition, there is an 
additional lag for impacts of changes in discharge to extend over the shelf study area, 
which may be on the order of one to two months (Wiseman and Dinnel, 1988). However, 
river discharge was high for an extended period prior to the May cruise and low for at 
least a month prior to the November cruise. Thus, we argue that the discharge values in 
Table 1 are representative of the river influence on shelf water conditions during the 
periods studied. 
Chromophoric Dissolved Organic Matter (CDOM) Absorption 
Spatial Patterns 
The Atchafalaya River samples showed the highest absorption readings of acooM 
(m-1) at 440 nm for both MagMix-I and MagMix-II. When analyzing the acooM by 
transect for MagMix-I, transect A, closest to the Mississippi River, had the highest acooM 
value; followed by: transect F, I and C, respectively. MagMix-II's transect results varied 
slightly. While the Atchafalaya River still had the highest absorption values, transect F 
(which was the transect in closest proximity to the Atchafalaya Bay) ranked second. 
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Followed by: the Mississippi River samples, transect I, A then transect C. There were 
also vast differences in the magnitude of absorption values between MagMix-1 and 
MagMix-11 for all transects, except transect F. Certain transects had the same high 
concentration stations or low concentration stations for both cruises. Station A9d (where 
d represented the deepest sampled depth at that station) had the lowest absorption 
concentrations for both MM-I and MM-II cruises; Station Cld was the transect high for 
both cruises and station Cl Id was the transect low for both cruises; station FOs (wheres 
represented a sampled depth of around one meter at that station) and station Ils were 
their respective transect high for the both cruises. A full summary of all transect ranges 
can be found below, in Table 4. 
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Figures 5a-5k. acooM spectrophotometer curves by transect. MagMix-I cruises are on the 
left, and MagMix-II cruises are on the right, and color-coded station IDs are located in 
the legend. For each transect, the station with the highest and lowest absorption value at 
wavelength 440 was identified. 
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Figures 5a-5k acooM spectrophotometer curves by transect. MagMix-I cruises are on the 
left, and MagMix-II cruises are on the right, and color-coded station IDs are located in 
the legend. For each transect, the station with the highest and lowest absorption value at 
wavelength 440 was identified. 
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Table 4 
acDoM(440) transect high and lows for MagMix-1 and MagMix-ll 
MagMix-1 MagMix-11 
acooM High Low High Low 
cm-1) Als - 1.6 A9d - 0.17 A7s-0.35 A9d-0.07 
Cld - 0.96 Clld - 0.88 Cld - 0.35 Cl ld - 0.05 
FOs - 1.2 F7i - 0.04 FOs - 1.3 F8s - 0.04 
Ils - 1.0 19i - 0.26 Ils - 0.39 19d - 0.04 
ARI - 2.1 AR7 - l.3 AR2 - l.8 AR6- l.2 
MR14 - l.O MRI - 0.40 
Surface (- 1 m depth) values of acooM( m-1) at 440 nm during both MagMix-1 
(Figure 6-a) and MagMix-11 (Figure 6-b) were characterized by high concentrations in the 
vicinity of the Mississippi River and the Atchafalaya River outflow regions. Bar plots in 
Figure 8 illustrated the differences between transects and cruises. Mississippi River 
samples were not collected during MagMix I and therefore a comparison between 
Atchafalaya and Mississippi River was not possible for the cruise. Ranges of acooM( 440) 
were higher during the May cruise than the November cruise, with highest values 
consistently in the Atchafalaya River stations. A Kruskal-Wallis analysis of differences 
among transects during the May cruise (Table 5a) yielded a chi-square value of27.61 , 
corresponding to a p-value of l.5x10-5 for the four degrees of freedom. These results 
provide evidence of significant differences among transects A, C, F, I, and AR. Another 
statistical approach, Tukey, was used to make comparisons between transects on a pair-
by-pair basis and revealed that acooM values were significantly different between the A 
and I transects, between the C and AR transects, between the F and AR transects and 
between the I and AR transects. 
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For the November cruise, significant differences were again observed by Kruskal-
Wallis analysis of differences among transects (Table 5b ), which yielded a chi-square 
value of 45.44, corresponding to a p-value of 1.2x10-8 for the five degrees of freedom. 
The Tukey comparison of transects revealed that the AR and MR transects were 
significant higher than the other transects in November, indicating a strong influence of 
the river discharge conditions on shelf bio-optical properties. 
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Figure 6. A scatter plot of the surface a cooM(440) (m-1) along the Louisiana coast for 
MagMix-1 (a) and MagMix-11 (b). 
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Figure 7. Bar plots of the medians and ranges of ac ooM(440) (m-1) corresponding to 
different transects along the Louisiana coast for MagMix-1 (a) and MagMix-11 (b). 
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Table 5 
Kruskal-Wallis analysis of differences for surface CDOM grouped by transects for 
MagMix-1 (5a) and MagMix-II (5b). 
5a. Kruskal-Wallis Analysis of differences surface CDOM grouped by transects for 
MagMix-I 
Source 
Groups 
Error 
Total 
ss 
9869.7 
13010.3 
22880 
df 
4 
60 
64 
MS 
2467.43 
216.84 
Chi-sq 
27.61 
Prob>Chi-sq 
l.49781e-005 
5b. Kruskal-Wallis Analysis of differences surface CDOM grouped by transects for 
MagMix-II 
Source 
Groups 
Error 
Total 
ss 
29656.9 
27125.1 
56782 
df 
5 
82 
87 
MS 
5931.37 
330.79 
Chi-sq 
45.44 
Prob>Chi-sq 
l.181e-008 
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Prior studies have described correlations between acooM and salinity, and in river-
influenced environments, CDOM can sometimes be used as an indicator of freshwater 
(Coble et al., 2003). The combined data from MagMix-1 and II exhibited a strong 
correlation between aCDOM at 440 nm and salinity (r2 = 0.928), excluding data from the 
Mississippi River in November (Figure 8). 
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Figure 8. The relationship of surface acwM at 440 nm to salinity was consistent between 
MagMix-I and II, with the exception of Mississippi River stations (circled) during the 
November cruise. The solid line represents a linear regression fit to the data ( excluding 
that from the Mississippi River) described by the equation acooM(440, m-1) = 
-0.051 Sal+ 1.89 (r2=0.928). 
CDOM Distribution: Nearshore vs Shelf Comparisons 
A scatter plot ofT-S (temperature-salinity) (Figure 9) was used to illustrate higher 
CDOM concentrations in May were associated with nearshore stations characterized by 
low salinity and high temperatures. In contrast, in November, highest CDOM 
corresponded to nearshore stations characterized by low salinity and low temperature. 
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Figure 9. Scatter plots showing relationship of aCDOM to temperature and salinity. T-S 
properties were related to acooM(440) for MagMix-I (a) and II (b). An inverse 
relationship was evident for the two cruise periods due to temporal differences in 
warming and cooling of river and offshore waters. 
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CDOM Distribution: Surface vs Deep Comparisons 
Sampling was conducted at all stations from at least two depths, surface and 
subsurface. Surface samples were taken just below the surface of the water, at Im depth. 
Subsurface samples were taken at various depths with the deepest level in the water 
column generally Im above the sea floor. 
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Colored Dissolved Organic Matter Absorption (MM-I) 
I I 
Surtace Deep 
Transect 
Colored Dissolved Organic Matter Absorption (MM-11) 
I I I I 
Surtace Deep 
Transect 
Figure 10. A comparison of surface and subsurface concentrations of acooM at 440 nm 
for MagMix-1 and II. Samples from the Mississippi and Atchafalaya rivers were excluded 
from the analysis. The observed range in surface samples was consistently higher than for 
the subsurface samples. In addition, values during MagMix I ranged higher than during 
MagMix-11. 
34 
For the non-river samples, colored dissolved organic matter absorption showed 
significant differences between the surface samples and deep samples for both May and 
November cruises (Figure 10 and Table 6a and b ). In addition, surface values of 
ac00M(440) were significantly different between MagMix-I and MagMix-II (Table 6c), 
with higher values observed during MagMix-I. The subsurface values of ac00M(440) 
were not significantly different between the cruises (p=0.314 ). 
Table 6 
Kruskal-Wallis analysis of differences for surface and subsurface CDOM samples for 
MagMix-1 (6a) and MagMix-11 (6b). 
6a. Kruskal-Wallis Analysis of differences between surface and subsurface CDOM for 
MagMix-I 
Source 
Groups 
Error 
Total 
ss 
4749.6 
29012.9 
33762.5 
df 
1 
72 
73 
MS 
4749.56 
402.96 
Chi-sq 
10.27 
Prob>Chi-sq 
0.0014 
6b. Kruskal-Wallis Analysis of differences between surface and subsurface CDOM for 
MagMix-II 
Source 
Groups 
Error 
Total 
ss 
5205.2 
31369.8 
36575 
df 
1 
74 
75 
MS 
5205.2 
423.92 
Chi-sq 
10.67 
Prob>Chi-sq 
0.0011 
6c. Kruskal-Wallis Analysis of differences between surface CDOM during MagMix-I 
and MagMix-II 
Source SS 
Groups 1706.6 
Error 22245.9 
Total 23952.5 
df 
1 
64 
65 
MS 
1706.6 
347.59 
Chi-sq 
4.63 
Prob>Chi-sq 
0.0314 
Table 6 (continued). 
6d. Kruskal-Wallis Analysis of differences between subsurface CDOM during 
MagMix-1 and MagMix-11 
Source SS df 
Groups 603.02 1 
Error 48781.98 82 
Total 49385 83 
MS 
603.02 
594.902 
Chi-sq 
1.01 
Particulate Absorption 
Prob>Chi-sq 
0.3141 
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Particulate absorption spectra, including particulate absorption (ap, m·1), 
absorption due to phytoplankton pigments (aph, m·1), and detrital particulate material (ade,, 
m·') showed large variations in magnitude and spectral shape (Figures 11, 12, and 13). 
An abrupt shift in some spectra was evident around the wavelength at which the 
spectrophotometer grating shift occurred (- 390 nm). This was particularly evident in the 
higher magnitude spectra. 
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Figure 11. Graphs a, c, e and g represent ap spectrophotometer curves for MagMix-I and 
graphs b, d, f and h represent ap spectrophotometer curves MagMix-II. For each transect, 
the station with the highest and lowest absorption spectra is identified. 
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Figure 11. Graphs a, c, e and g represent ap spectrophotometer curves for MagMix-1 and 
graphs b, d, f and h represent ap spectrophotometer curves MagMix-11. For each transect, 
the station with the highest and lowest absorption spectra is identified. 
The highest and lowest ap values at 676 nm during MagMix-1 were observed at 
transect C (Table 7). The highest values were observed at the inshore station near 
Terrebonne Bay and lowest values were located at the far shelf stations of transect F. 
During MagMix-11, highest and lowest ap values were seen at Transect F, with station FO 
in the Atchafalaya Bay being the highest and station F8s having the lowest value of ap. 
Some stations were the transect high or the transect low for both the MagMix-1 and 
MagMix-11 cruises. Station Cl's deep sample was the transect high for MM-I while Cl's 
surface sample was the transect high for MM-II; the same pattern was evident for the 
transect C's lows and transect F's high ap. Station I9s was the transect low for both 
cruises. A full summary of all transect ranges can be found below, in Table 7. 
38 
Table 7 
ap transect high and lows for MagMix-1 and MagMix-11, at wavelength 676 nm. 
MagMix-I MagMix-II 
High Low High Low 
surface A5s-0.56 A9s- 0.20 Als - 0.13 A5s- 0.09 
-1) Cls- 0.68 Clls- 0.11 Cls-0.13 Clls - 0.01 ap(m FOs- 0.30 F8s - O.OO FOs - 0.27 F8s - 0.01 
I2s - 0.24 I9s - O.OO Ils - 0.04 I9s - 0.02 
deep Ald- 0.31 A9d - 0.01 Ald-0.12 A3d - 0.04 Cld - 0.70 Cl ld - 0.02 Cld-0.12 Clld-0.02 
ap FOd-0.46 F8d - 0.03 FOd- 0.15 F8d-0.02 
-1) cm I2d - 0.11 I4d- 0.03 I4d - 0.01 I8d -0.03 
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Figure 12. Graphs a, c, e and g represent aph spectrophotometer curves for MagMix-I and 
graphs b, d, f and h represent aph spectrophotometer curves MagMix-II. For each transect, 
the station with the highest and lowest absorption spectra is identified. 
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Figure 12. Graphs a, c, e and g represent aph spectrophotometer curves for MagMix-I and 
graphs b, d, f and h represent aph spectrophotometer curves MagMix-11. For each transect, 
the station with the highest and lowest absorption spectra is identified. 
When comparing the peak transect aph levels for MagMix-I and MagMix-11, the 
transects fell into the same order as for ap. For MM-I, the highest value was found on 
transect C, followed by transect A, F, then I, respectively. The transects in descending 
order for MM-II wwere F, A, C and lastly I. The lowest aph for MM-I was at station F8s 
(0.0022 m-1) , while station Cl Id had the lowest absorption concentration for MM-II 
(0.0052 m-1). MagMix-I's transect Chad the largest range of 0.5366 m-1 (0.0070 m-1 -
0.5436 m-1) of either cruise, again similar to ap. Station Cls was the transect leader for 
both spring and fall cruises, while station Cl ld was the transect low. Station I9s was 
again the transect low for both cruises. A full summary of all transect ranges can be 
found below, in Table 8. 
Table 8 
aph transect high and lows for MagMix-1 and MagMix-/1, at wavelength 676 nm. 
•> 
c) 
MagMix-I 
High Low 
surface ASs - 0.52 Als- 0.17 
aph Cls-0.55 Clls - 0.10 
(ffi-1) F3s- 0.15 F8s-O.OO 
I2s - 0.23 I9s - 0.00 
deep Ald- 0.24 A9d - O.OO Cld - 0.54 Cl Id - 0.01 
aph F2d-0.29 F5d- 0.01 (ffi-1) 
I2d- 0.07 I4d- 0.02 
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Figure 13. Graphs a, c, e and g represent adet spectrophotometer curves for MagMix-I and 
graphs b, d, f and h represent adet spectrophotometer curves MagMix-II. For each transect, 
the station with the highest and lowest absorption spectra is identified. 
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Figure 13. Graphs a, c, e and g represent adet spectrophotometer curves for MagMix-1 and 
graphs b, d, f and h represent adet spectrophotometer curves MagMix-11. For each transect, 
the station with the highest and lowest absorption spectra is identified. 
When comparing the peak transect adet levels for MagMix-1 and MagMix-11, the 
transects fell into a different order than for a p and aph. For MM-I, the highest value at 676 
nm was found on transect F, followed by transect C, A, then I, respectively. The transects 
in descending order for MM-II were C, F, A and lastly I. Station I8s had the lowest I a det 
value for MM-I and station F8s had the lowest value for MM-IL MM-II's F8s a det of 
0.0003 m-1 was the lowest value found in my particulate organic matter data. MagMix-I' s 
transect F had the largest array of absorption readings, ranging from 0.2640 m-1 to 
0.0010 m-1• For both cruises, stations Cl ls and F8s were their respective transect lows. A 
full summary of all transect ranges can be found below, in Table 9. 
42 
Table 9 
adet transect high and lows for MagMix-1 and MagMix-11, at wavelength 676. 
MagMix-I MagMix-II 
High Low High Low 
surface Als - 0.11 A9s- 0.02 A7s-0.01 A5s - O.OO 
adet Cls- 0.13 Clls - 0.01 Cls - 0.03 Cl ls - 0.00 
(m-') FOs- 0.17 F8s - O.OO FOs - 0.05 F8s-O.OO 
I2s- 0.01 I8s - O.OO I6s-0.01 I9s-O.OO 
deep A3d - 0.15 A9d - 0.01 A7d-0.04 Ald-0.01 Cld-0.17 Cl ld - 0.01 C7d-0.09 Cl ld-0.02 
adet FOd-0.26 F8d- 0.01 Fld - 0.08 F8d-O.OO <m-') 
Ild - 0.04 I4d - 0.01 I4d - 0.04 I8d-0.01 
Spatial Patterns 
During MagMix-1, higher values of ap at 440 nm were found in the Terrebonne 
Bay region and the Mississippi River outflow region (Figure 14). In contrast, during 
MagMix-II, higher ap(440) values were observed in the Atchafalaya River outflow 
region. The range of ap( 440) was lower during the November cruise, with a maximum of 
0.2 m-1 compared to around 4.7 m-1 during the May cruise. A comparison among 
transects of surface samples (Figure 15) revealed significant differences during MagMix-
1, but not MagMix-II (Table 10). A Tu.key analysis substantiated differencesduring 
MagMix-I between transects A and I and between transects C and I, with transect I 
showing the lowest range in ap( 440). Transect F had a exhibited a large range in ap( 440) 
and thus was not significantly different from the other transects. 
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Figure 14. Scatter plots of the ap(440) surface samples for both MagMix-1 (a) and 
MagMix-11 (b). 
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Figure 15. Bar plots of the ap(440) surface samples for both MagMix-I (a) and MagMix-
lI (b). Values ranged uniformly higher during MagMix-I. 
Table 10 
Kruskal-Wallis analysis of differences for ap( 440) grouped by transect samples for 
MagMix-1 (]Oa) and MagMix-11 (]Ob). 
1 Oa. Kruskal-Wallis Analysis of differences in ap( 440) among transects during 
MagMix-I. 
Source 
Groups 
Error 
Total 
ss 
2159.65 
5947.85 
8107.5 
df 
3 
42 
45 
MS 
719.883 
141.615 
Chi-sq 
11.99 
Prob>Chi-sq 
0.0074 
10b. Kruskal-Wallis Analysis of differences in ap(440) among transects during 
MagMix-II. 
Source SS 
Groups 667.05 
Error 7980.95 
Total 8648 
df 
3 
43 
46 
MS 
222.349 
185.604 
ap Distribution: Surface vs Subsurface Comparisons 
Chi-sq 
3.55 
Prob>Chi-sq 
0.3146 
45 
Surface and subsurface values of ap( 440) were not significantly different during 
MagMix-1 (Table I la), but subsurface values of ap(440) were significantly higher than 
surface values during MagMix-II (Table I lb). Surface values of ap(440) during MagMix-
1 as compared to MagMix-11 were significantly different, although marginally (p=0.045) 
and differences between cruises in subsurface values of ap( 440) were not significant 
(Table 14d). Surface values of aph(676) during MagMix-1 were maximal at mid-salinities, 
which corresponded with a non-conservative decrease in nitrate in relation to salinity 
(Figure 16). This was not evident in the November observations. The ratio of aph( 440) to 
aph(676) varied in relation to salinity (Figure 16c), with the greatest range of variation 
observed during MagMix-1. The ratio was highest at high salinities and lowest at mid-
salinities. 
46 
Table 11 
Krus/cal-Wallis analysis of differences for surface and subsurface aµ(440) samples for 
MagMix-I (11 a), MagMix-II (11 b), the difference in surface samples for MagMix-I and II 
(] Jc) and the difference in subsurface samples for MagMix-I and II (1 ld). 
1 la. Kruskal-Wallis Analysis of differences in ap( 440) between surface and subsurface 
samples during MagMix-I. 
Source SS df 
Groups 15.7 1 
Error 13101.8 52 
Total 13117.5 53 
MS 
15.66 
251.958 
Chi-sq 
0.06 
Prob>Chi-sq 
0.8014 
11 b. Kruskal-Wallis Analysis of differences in ap( 440) between surface and subsurface 
samples during MagMix-II. 
Source SS df 
Groups 2292.3 1 
Error 10109.7 51 
Total 12402 52 
MS 
2292.33 
198.23 
Chi-sq 
9.61 
Prob>Chi-sq 
0.0019 
1 lc. Kruskal-Wallis analysis of differences between MagMix-I and II in surface 
a (440). 
Source 
Groups 
Error 
Total 
ss 
2224.1 
13201.9 
15426 
df 
1 
55 
56 
MS 
2224.12 
240.03 
Chi-sq 
8.07 
Prob>Chi-sq 
0.0045 
11 d. Kruskal-Wallis analysis of differences between MagMix I and II in subsurface 
a (440). 
Source 
Groups 
Error 
Total 
ss 
714.4 
9697.1 
10411.5 
df 
1 
48 
49 
MS 
714.4 
202.023 
Chi-sq 
3.36 
Prob>Chi-sq 
0.0667 
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Figure 16. Relationship between surface values of salinity and aph(676) (a), nitrate (b), 
and the ratio of aph(440) to aph(676) (c) during MagMix-I and II. 
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Partitioning of Total Absorption 
The relative contributions of absorption at 440 run due to CDOM, phytoplankton 
and detrital particulate material were examined using ternary diagrams (Figure 17). For 
these diagrams, points distributed in the lower left comer represent a dominant 
contribution by CDOM, points located towards the apex represent a dominant 
contribution to absorption by detrital absorption, and points to the lower right comer 
reflect a dominance of phytoplankton absorption. In general, absorption due to CDOM 
accounted for a major fraction of total absorption, with phytoplankton absorption 
contributing the second largest fraction. An exception to this was observed for some 
inshore stations during MagMix-1 (Figure 17a), when a larger contribution by detrital 
absorption was observed at Stations FO, Al and Cl. 
The relative contribution of phytoplankton and detrital absorption to total 
absorption was examined in relation to salinity in order to evaluate relationships of 
absorption partitioning relative to freshwater inputs (Figure 18). It was apparent that the 
relative contribution of phytoplankton to absorption was low at low salinities (Figure 
18a), consistent with relatively high inputs of CDOM and detrital materials from rivers. 
This was further supported by the observation that the fraction of detrital absorption was 
highest in May at low salinities (Figure 18b ), consistent with high freshwater inputs of 
terrestrially-derived detrital material relative to other constituents. During MagMix-1, the 
highest contribution due to phytoplankton absorption was observed at mid-salinities, 
coinciding with the maximum in phytoplankton absorption as noted in Figure 16a. For 
MagMix-11, the highest relative contribution to absorption by phytoplankton occurred at 
high salinities, although there was considerable scatter in observed values. 
1 0 0.1 0.2 0.3 
a) 
b) 
1 
~ C F I 
Figure 17. Ternary plot for MagMix-I (a) and II (b) for surface absorption at 440 run. 
Points located in the lower left comer were dominated by acooM- Points located towards 
the upper comer were dominated by adet, and points located towards the lower right 
comer had a greater contribution by aph· 
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CHAPTERIV 
DISCUSSION 
There were two central hypotheses for this work. The first was that freshwater 
inputs from the Mississippi and Atchafalaya had a significant impact on spatial and 
temporal patterns in the distribution of absorption over the Louisiana shelf. The second 
hypothesis was that there were fundamental differences in the partitioning of total 
absorption between the Atchafalaya and Mississippi outflow regions due to the 
differences in hydrology and associated biogeochemistry. The initial hypothesis was 
supported by observations of spatial patterns strongly related to river inputs as well as 
systematically higher values of absorption over much of the Louisiana shelf by both 
particulate and dissolved materials during the higher discharge conditions for the May 
cruise. The second hypothesis could not be confirmed by the observations ofthis study. 
However, variability in absorption partitioning was observed and could be attributed in 
some instances to river influence. 
In the remainder of the discussion, the spatial and temporal patterns in 
relationship to river inputs and discharge conditions are discussed. Subsequently, the 
factors influencing partitioning of absorption are considered. This is followed by a 
summary of major conclusions from this research. 
Spatial and temporal patterns in CDOM absorption 
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During MagMix-I, discharge was relatively high for both river systems, while, in 
contrast, the period during MagMix-II corresponded to the lowest levels of river 
discharge for 2008. Spatial patterns of acooM along the coastline were characterized by 
locally high absorption in the vicinity of river outflow (Figure 7), consistent with a strong 
influence of river inputs on optical properties in the northern Gulf of Mexico coastal 
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region. Chen and Gardner (2004) similarly found that surface distributions of CDOM (as 
CDOM fluorescence) extended over a larger area during higher flow periods. The higher 
levels of discharge contributed to a higher loading of CDOM and particulate organic 
matter into the Gulf. The influence of the river extended over a wide range of the 
Louisiana shelf, as evidenced by the substantially higher levels of acDoM extending to the 
I transect (Figure 7), which was the furthest to the west of the study region 
During MagMix-11, acooM at the Atchafalaya River stations ranged higher than 
for the Mississippi river stations (Figure 7). Furthermore, the relationship between 
acooM( 440) and salinity for the Mississippi River was systematically lower than in the 
Atchafalaya (Figure 8). This is consistent with the report by Chen and Gardener (2004), 
who speculated that extensive interactions between the wetlands and the Atchafalaya 
resulted in a higher concentration of CDOM in the Atchafalaya than the Mississippi 
River basin, which is more channelized and therefore restricted in its interactions with the 
surrounding watershed. Since Mississippi River acDoM samples were not collected during 
the May cruise, conclusions could not be made for MagMix-I. 
Our research demonstrated elevated absorption values of CDOM near the 
coastline and by the influences of the rivers. This is consistent with research by H0jerslev 
and Aarup (2002) and Chen and Gardner (2004). The strong influence of rivers on optical 
properties was evident in the acDoM( 440)-salinity relationships (Figure 8) and the T-S 
plots (Figure 9) showing higher values at low salinities. In addition, surface 
concentrations of acDoM( 440) were significantly higher than for subsurface samples 
(Table 9a, b). Additionally, surface concentrations of acDoM(440) were significantly 
higher for high discharge conditions during MagMix-1 as compared to MagMix-11 (Table 
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9c, d). These observations all support the view that river inputs strongly influence upper 
water column optical conditions. A major input of CDOM is from terrestrially-derived 
sources, and CDOM is often used as a freshwater tracer (Coble et al., 2003). 
Freshwater is less dense than saltwater; thus leading to retention of higher 
concentrations of CDOM in surface waters. Contrarily, bleaching of CDOM by 
photochemical reactions is considered one its main sinks and this photodegradation 
would likely impact the surface samples more than the samples taken at depth (Chen and 
Gardner, 2004; Coble et al., 2003) However, a description of such photodegradation 
processes is beyond the scope of this study. 
When analyzing the peak acDoMvalues by transects, MagMix-1 and MagMix-II 
had noticeable influences from the Mississippi River and Atchafalaya River, respectively. 
This can be seen in that the peak absorption values for both cruises were observed for 
transects corresponding to river-influence. Transect A was closest to the Mississippi 
River outflow and differences between this transect and the I transect were significant. 
Differences between the F transect and the I transect were not significant. The F transect 
was most influenced by the Atchafalaya River of all transects, but it' s important to note 
that the Atchafalaya outflow region only influences a couple stations along transect F. 
The AR stations were significantly different from many of the other transects based on 
the Tukey analysis. 
Seasonal changes in the Mississippi River were evident in comparions between 
the May and November cruises is ranges of acooM( 440) (Figure 7), which higher ranges 
observed for the May cruise. The range of acooM( 440) at Transect F was comparable for 
both cruise periods, indicating a strong and consistent influence of the Atchafalaya River 
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on coastal optical properties. Station C 1 d was the transect high for both cruises, and this 
was attributed to influence by nearby Terrebonne Bay. 
Spatial and Temporal Patterns in Particulate Absorption 
Particulate absorption ranged considerably higher during the May cruise as 
compared to the November cruise. In addition, it was clear both from spatial patterns in 
absorption (Figure 14) and comparisons among transects (Figure 15) that there were 
strong influences of river inputs on particulate absorption. Inshore stations on the F 
transect were heavily influenced by the Atchafalaya River outflow, while the inner shelf 
stations along the C transect were influenced by outflows from both Terrebonne Bay and 
the Mississippi River. 
Differences between surface and deep values of ap( 440) were significant only 
during MagMix II, differences between surface values of ap( 440) were marginally 
significant between MagMix-I to MagMix-II. These observations provide evidence that a 
variety of factors influence surface and deep values of particulate absorption in addition 
to river discharge. For example, values of ap(440) will be influenced by resuspension, 
phytoplankton growth, particle flocculation, and other processes. 
Absorption Partitioning. CDOM absorption generally accounted for a larger 
proportion of total absorption than phytoplankton absorption for both cruise periods, as 
shown in the ternary plots (Figure 17). This relationship was consistent with that 
previously reported by Pan et al. (2008). While differences between river systems were 
not evident in the absorption fractions of aph( 440) and ade!... 440) (Figure 18), there were 
differences along the salinity gradient that reflected a transition from a larger fraction of 
detrital absorption in the river end members, particularly in May, to a larger fraction of 
phytoplankton absorption at mid- to high salinities. 
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It is widely accepted that the high nutrient inputs associated with the Mississippi 
and Atchafalaya Rivers contribute to high biological production in the northern Gulf of 
Mexico (e.g., Redalje et al., 1994). Nutrient loading from the Mississippi River into the 
GOM is approximately twice that of the Atchafalaya (Ho and Barrett, 1975). Thus, it was 
speculated that there should be a significant difference in the magnitude and partitioning 
of particulate absorption, and specifically phytoplankton absorption relative to other 
fractions, between the outflow regions of the Mississippi River and the Atchafalaya 
River. However, significant differences in absorption partitioning between these regions 
were not evident. This was partially attributable to the fact that particulate absorption 
measurements were not made on the river water and thus absorption partitioning in the 
river end members could not be evaluated. There was a clear change in the relative 
contribution of phytoplankton absorption along the salinity gradient (Figure 16a). During 
May, this fraction was maximal at mid-salinities and decreased at higher salinities. This 
pattern was consistent with high productivity at intermediate salinities as has been 
previously reported for this system (Lohrenz et al., 1999; 2008). The maximum in 
phytoplankton absorption coincided with non-conservative depletion of nitrate, again 
consistent with high production and biological uptake of nutrients. The pattern differed in 
November, with highest aph(676) occurring at the lowest sampled salinities. This was 
attributed to the higher river discharge during MagMix-1 as compared to MagMix-11. 
Changes in the absorption of chlorophyll-a occur due to modifications in pigment 
packaging and/or the presence or absence of certain accessory pigments (Mercado et al., 
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2008). Frequently, pigment packaging is accessed by the ratio of pigmented absorption in 
the blue spectra (aph440-aph443) to pigmented absorption in the red spectra (aph675-
aph676) (Barocio-Leon et al. 2006; Mercado et al. 2008; Wang et al., 2010). 
Phytoplankton absorption at 676 nm is generally dominated by by chlorophyll-a, while 
aph in the blue region is representative of chlorophyll-a plus accessory pigments 
(Mercado et al. 2008). aph440 is higher is communities consisting of smaller 
phytoplankton and lower in populations dominated by larger organisms such as diatoms 
(Barlow et al., 2008). Thus, aph443 /aph676 will decrease with an increase in the size 
index with large, highly pigmented cells having a higher pigment packaging effect than 
their smaller counterparts (Barocio-Leon et al. 2006; Wang et al. 2010). Lower aph443 
/aph676 values, indicative of a higher package effects, were observed at mid-salinities 
during MagMix-I in the present study (Figure 16c), which was consistent with the view 
that higher phytoplankton absorption coincided with a shift to larger phytoplankton. In 
contrast, the aph443 /aph676 was highest at high salinities for both cruises. Mercado 
(2008) found that in areas of lower nutrients, values of aph443/ aph676 were generally 
higher. Previous research has shown linkages between nutrient inputs and biological 
activity, and that peak chlorophyll concentrations have been observed at intermediate 
salinities (Dagg, 2004; Lohrenz et al., 1997; Lohrenz, 1999). 
CHAPTERV 
CONCLUSION 
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A central hypothesis for this work was that there were fundamental differences in 
the partitioning of total absorption in Atchafalaya and Mississippi outflow regions due to 
the differences in hydrology and associated biogeochemistry. This hypothesis was 
rejected as MagMix data could not support this claim with data from GCDOM, Gp, Gph, or 
Gdet· Only actual Mississippi or Atchafalaya River samples taken during MagMix-II had 
any significant differences with respect to Gc DOM, but the rivers' respective outflow 
regions were not significantly different from one another. 
Furthermore, it was hypothesized that coastal and offshore waters will exhibit 
fundamental differences in partitioning attributable to differences in allocthonous and 
autochthonous source terms. This hypothesis was accepted based upon data collected 
from MagMix. Both Gc DoM and Gp had significant differences when their near shore 
stations were compared to their offshore stations, for both cruises 
When comparing the surface samples and deep samples, variability was 
significant for GcDOM, for both MagMix-1 and MagMix-II. Differences in Gp were not 
significant when one compared the surface samples to samples taken at depth. 
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APPENDIX 
ALL THE RAW DATA USED FOR ANALYSIS. UNITS ARE m-1 
Sample a c DOM ap adet aph l..440 'U,76 'U>76 'U,76 
MM-I MM-II MM-I MM-II MM-I MM-II MM-I MM-II 
Als 1.62 0.30 0.28 0.13 0.11 0.01 0.17 0.12 
Aid 1.25 0.30 0.31 0.12 0.07 0.01 0.24 0.11 
A3s 1.57 0.30 0.48 0.10 0.04 0.01 0.44 0.09 
A3d 0.28 0.19 0.21 0.04 0.15 0.02 0.06 0.01 
A5s 1.21 0.24 0.56 0.09 0.04 0.00 0.52 0.08 
A5d 0.21 0.12 0.04 0.05 0.03 0.03 0.01 0.02 
A7s 1.41 0.35 0.29 0.13 0.03 0.01 0.26 0.12 
A7d 0.24 0.11 0.03 0.05 0.02 0.04 0.00 0.01 
A9s 0.39 0.21 0.20 0.09 0.02 0.00 0.18 0.09 
A9d 0.17 0.07 0.01 0.04 0.01 0.03 0.00 0.01 
B4s 0.81 NA 0.12 NA 0.01 NA 0.11 NA 
B4d 0.15 NA 0.05 NA 0.02 NA 0.02 NA 
Cls 0.85 0.35 0.68 0.13 0.13 0.03 0.54 0.10 
Cld 0.96 0.35 0.69 0.12 0.17 0.03 0.52 0.09 
Cl-ls NA 0.34 NA NA NA NA NA NA 
Cl Ws NA 0.32 NA NA NA NA NA NA 
C4s 0.81 0.24 0.52 0.06 0.04 0.01 0.48 0.05 
C4d 0.23 0.21 0.17 0.04 0.08 0.02 0.10 0.02 
C6Cs 0.49 0.12 0.24 0.03 0.02 0.01 0.22 0.02 
C6Cd 0.09 0.15 0.06 0.05 0.03 0.03 0.03 0.02 
C6C-ls NA 0.33 NA NA NA NA NA NA 
C6C-3d NA 0.21 NA NA NA NA NA NA 
C7s 0.76 0.15 0.50 0.07 0.04 0.00 0.46 0.06 
C7d 0.47 0.11 0.12 0.11 0.08 0.08 0.04 0.03 
C7-ls NA 0.17 0.31 NA 0.02 NA 0.29 NA 
C9 0.54 0.16 0.31 
news 
0.06 0.02 0.01 0.29 0.05 
C9 0.11 0.07 0.06 0.08 0.04 0.07 0.02 0.01 
newd 
C l I s 0.19 0.11 0.11 0.01 0.01 0.00 0.10 0.01 
Clld 0.09 0.05 0.02 0.02 0.01 0.02 0.01 0.01 
DOs NA 0.41 NA NA NA NA NA NA 
D3s 0.13 NA 0.02 NA 0.00 NA 0.02 NA 
D3d 0.08 NA NA NA NA NA NA NA 
El s NA 0.24 NA NA NA NA NA NA 
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Sample ac»oM ap ade1 aph l440 'U,76 'U,76 'U,76 
MM-I MM-II MM-I MM-II MM-I MM-II MM-I MM-II 
E2As 0.24 NA 0.09 NA 0.01 NA 0.08 NA 
E2Ad 0.18 NA NA NA NA NA NA NA 
FOs 1.20 1.25 0.30 0.27 0.17 0.05 0.12 0.22 
FOd 1.00 0.87 0.46 0.15 0.26 0.05 0.19 0.10 
Fls NA 0.72 NA 0.12 NA 0.03 NA 0.09 
Fld NA 0.40 NA 0.15 NA 0.08 NA 0.07 
F2s 0.61 0.31 0.15 0.05 0.02 0.01 0.13 0.04 
F2d 0.86 0.36 0.41 0.05 0.12 0.01 0.29 0.05 
F3s 0.36 0.24 0.17 0.04 0.02 0.01 0.15 0.03 
F3d 0.26 0.26 0.16 0.07 0.10 0.05 0.06 0.02 
F3As 0.37 NA NA NA NA NA NA NA 
F3Ad 0.31 NA NA NA NA NA NA NA 
F5s 0.29 0.19 0.08 NA 0.01 NA 0.07 NA 
F5d 0.08 0.17 0.04 NA 0.03 NA 0.01 NA 
F7s 0.05 0.09 0.00 0.02 0.00 0.00 0.00 0.02 
F7d 0.07 0.08 0.14 0.02 0.04 0.01 0.11 0.01 
F8s 0.05 0.04 0.00 0.01 0.00 0.00 0.00 0.01 
F8d 0.10 0.07 0.03 0.01 0.01 0.00 0.02 0.01 
G3s 0.27 NA 0.08 NA 0.01 NA 0.07 NA 
G3d 0.09 NA NA NA NA NA NA NA 
GHOs NA 1.02 NA NA NA NA NA NA 
HOs NA 1.17 NA NA NA NA NA NA 
H3s 0.55 NA NA NA NA NA NA NA 
H3d 0.24 NA NA NA NA NA NA NA 
H4s 0.17 NA NA NA NA NA NA NA 
H4d 0.20 NA NA NA NA NA NA NA 
Ils 1.03 0.39 0.13 0.04 0.02 0.00 0.11 0.04 
Ild 0.40 0.30 0.08 0.05 0.04 0.02 0.03 0.03 
I2s 0.48 0.25 0.24 0.04 0.01 0.01 0.23 0.04 
12d 0.34 0.27 0.10 0.04 0.03 0.02 0.07 0.02 
I4s 0.15 0.16 0.05 0.03 0.00 0.00 0.05 0.03 
I4d 0.09 0.14 0.03 0.06 0.01 0.04 0.02 0.02 
I6s 0.10 0.15 0.03 0.03 0.00 0.01 0.03 0.02 
I6d 0.03 0.08 0.04 0.04 0.02 0.02 0.02 0.02 
I8s 0.08 0.11 0.01 0.03 0.00 0.01 0.00 0.02 
I8d 0.10 0.11 0.05 0.03 0.02 0.01 0.04 0.02 
I9s 0.06 0.09 0.00 0.01 0.00 0.00 0.00 0.01 
I9d 0.09 0.04 0.04 0.03 0.01 0.02 0.03 0.02 
60 
Sample acDOM ap adet aph M40 lf,76 lf,76 lf,76 
MM-I MM-II MM-I MM-II MM-I MM-II MM-I MM-II 
MRl NA 0.40 NA NA NA NA NA NA 
MR2 NA 0.49 NA NA NA NA NA NA 
MR3 NA 0.51 NA NA NA NA NA NA 
MR4 NA 0.61 NA NA NA NA NA NA 
MR6 NA 0.85 NA NA NA NA NA NA 
MRS NA 0.76 NA NA NA NA NA NA 
MR7 NA 0.85 NA NA NA NA NA NA 
MR8 NA 0.88 NA NA NA NA NA NA 
MR9 NA 0.91 NA NA NA NA NA NA 
MRlO NA 0.91 NA NA NA NA NA NA 
MRll NA 0.95 NA NA NA NA NA NA 
MR12 NA 1.00 NA NA NA NA NA NA 
MR13 NA 0.98 NA NA NA NA NA NA 
MR14 NA 1.01 NA NA NA NA NA NA 
ARl 2.11 1.95 NA NA NA NA NA NA 
AR2 1.95 1.83 NA NA NA NA · NA NA 
AR3 1.60 1.64 NA NA NA NA NA NA 
AR4 1.65 1.51 NA NA NA NA NA NA 
AR5 1.49 1.48 NA NA NA NA NA NA 
AR6 1.37 1.30 NA NA NA NA NA NA 
AR7 1.28 NA NA NA NA NA NA NA 
AR8 1.38 NA NA NA NA NA NA NA 
X3-2s 0.92 0.25 0.09 0.07 0.03 0.01 0.06 0.06 
X3-2d 0.15 0.07 0.01 0.02 0.00 0.01 0.01 0.00 
61 
WORKS CITED 
Babin, M, Stramski, D., Ferrari, G.M., Claustre, H., Bricaus, A., Obolensky, G. and 
Hoepffner, N. 2003. Variations in the light absorption coefficients of 
phytoplankton, nonalgal particles, and dissolved organic matter in coastal waters 
around Europe. Journal of Geophysical Research 108 (C7), 3211 , 
doi: 10.1029/2001JC000882. 
Barlow, R., Kyewalyanga, M., Sessions, H., van der Berg, M., and Morris, T. 2008. 
Phytoplankton pigments, functional types and absorption properties in the 
Delagoa and Natal Bights of the Alguhas ecosystem. Estaurine, Coastal and Shelf 
Science 80, 201-211. 
Barocio-Leon, 6. A., Millan-Nufiez, R., Santamaria-Del-Angel, E., Gonzalez-Silvera, A. 
and Trees, C.C. 2006. Spatial variability of phytoplankton absorption 
coefficients and pigments off Baja California during November 2002. Journal of 
Oceanography 62, 873-885. 
Bianchi, T. S., DiMarco, S. F., Cowan, Jr, J. H., Hetland, R. D., Chapman, P., Day, J. W., 
and Allison, M.A. 2010. The science of hypoxia in the Northern Gulf of 
Mexico: A review, Science of the Total Environment 408(7), 1471-1484. 
Chen, R.F. and Gardner, G.B. 2004. High-resolution measurements of chromophoric 
dissolved organic matter in the Mississippi and Atchafalaya River plume regions. 
Marine Chemistry 89, 103-125. 
Coble, P., Hu, C., Gould Jr, R.W., Chang, G., and Wood, A.M. 2003. Colored dissolved 
organic in the coastal ocean. Oceanography 17 (2), 50-59. 
62 
Dagg, M., Benner, R., Lohrenz, S., and Lawrence, D. 2004 Transformation of dissolved 
and particulate materials on continental shelves influenced by large rivers: plume 
processes. Continental Shelf Research 24, 833-858. 
Dagg, M. J., Ammerman, J. W., Amon, R. M. W., Gardner, W. S., Green, R. E., and 
Lohrenz, S. E. 2007. A review of water column processes influencing hypoxia in 
the northern Gulf of Mexico. Estuaries and Coasts 30 (5), 735-752. 
D'Sa, E. J., and Miller, R.L.. Bio-optical properties of coastal waters, in Remote Sensing 
of Coastal Aquatic Environments. New York: Springer, 2005. 129- 155. Print. 
Environmental Protection Agency (EPA). 11 Feb. 2009 
<http://www.epa.gov/gmpo/about/facts.html> 
Ho, C.L., and Barrett, B.B. 1975. Distribution of nutrients in Lousiana's coastal waters 
influences by the Mississippi River. Technical Bulletin No. 17. Louisiana 
Department of Wildlife and Fisheries, Oysters, Water Bottoms and Seafoods 
Division, New Orleans, Louisiana. 197 pp. 
H0jerslev, N.K., and Aarup, T. 2002. Optical Measurements on the Louisiana Shelf off 
the Mississippi River. Estaurine, Coastal and Shelf Science 55, 599-611. 
Kirk, J. T. 0. 1994. Light and Photosynthesis in Aquatic Ecosystems. 2nd. Cambridge. 
Lohrenz, S.E., Fahnenstiel, G.L., Redalje, D.G., Lang, G.A., Chen, X., and Dagg, M.J. 
1997. Variations in primary production of northern Gulf of Mexico Continental 
Shelf waters linked to nutrient inputs linked to the Mississippi river. Marine 
Ecology Progress Series 155, 435-454. 
Lohrenz, S.E., Fahnenstiel, G.L., Redalje, D.G., Lang, G.A., Dagg, M.J., Whitledge, 
T.E., and Dortch, Q.1999. Nutrients, irradiance and mixing as factors regulating 
primary production in coastal waters impacted by the Mississippi River plume. 
Coastal Shelf Research 19, 1113-1141. 
63 
Lohrenz, S.E. 2000. A novel theoretical approach to correct for pathlength amplification 
and variable sampling loading in measurements of particulate spectral absorption 
by the quantitative filter technique. Journal of Plankton Research 22 (4), 639-657. 
Lohrenz, S. E., Redalje, D. G., Cai, W.J., Acker, J., and Dagg, M. 2008. A retrospective 
analysis of nutrients and phytoplankton productivity in the Mississippi River 
plume. Continental Shelf Research 28 (12), 1466-1475. 
Louisiana Universities Marine Consortium (LUM CON), 10 Jun 2007 
<http://www.lumcon.edu/>. 
Mercado, J.M., Ramirez, T., and Cortes, D. 2008. Changes in nutrient concentration 
induced by hydrological variability and its effect on light absorption by 
phytoplankton in the Alboran Sea (Western Mediterranean Sea). Journal of 
Marine Systems 71, 31-45. 
Mobley, C. D. 1994. Light and Water, Radiative Transfer in Natural Waters. Academic 
Press. San Diego. 592 pp. 
Moody, C.L. 1967. Gulf of Mexico distributive province. AAPG Bulletin 51(2), 
179-199. 
Morel, A., and Prieur, L. 1977. Analysis of variations in ocean color. Limnology and 
Oceanography 22, 709-722. 
Mueller, J.L., Fargion, G.S., and McClain, C.R. 2002. Ocean optics protocols for satellite 
ocean color sensor validation, revision 4, volume IV: Inherent Optical Properties: 
Instruments, characterizations, field measurements and data analysis protocols. 
64 
NASAITM-2003-211621/Rev4-Vol.IV. National Aeronautical and Space 
Administration, Goddard Space Flight Space Center, Greenbelt, Maryland. 76 pp. 
NASA Ocean Color Home page (NASA). 20 Sept. 2009. 
<http://oceancolor.gsfc.nasa.gov/> 
Nipper, M., Sanchez Chavez, J.A., and Tunnell, Jr., J.W. 2008. GultBase: Resource 
Database for Gulf of Mexico Research. World Wide Web electronic publication. 
<http://www.gulfbase.org> 
Pan, X., Mannino, A., Russ, M.E., and Hooker, S.B. 2008. Remote Sensing of the 
absorption coefficients and chlorophyll a concentration in the U.S. southern 
Middle Atlantic Bight from Sea WiFS and MOD IS-Aqua. Submitted to: Journal of 
Geophysical Research-Oceans. 
Rabalais, N.N., Turner, R.E., and Wiseman Jr., W.J. 2001. Hypoxia in the Gulf of 
Mexico. Journal of Environmental Quality 30, 320-329. 
Rabalais, N . N., R. E. Turner, and D. Scavia. 2002. Beyond Science into Policy: Gulf of 
Mexico Hypoxia and the Mississippi River Bioscience 52, 129-142. 
Redalje, D.G., Lohrenz, S. E., and Fahnenstiel, G. L. 1994. The relationship between 
primary production and the vertical export of particulate organic matter in a river-
impacted coastal ecosystem. Estuaries 17, 829-838. 
Roberts, H.H. 1998. Delta switching: early responses to the Atchafalaya River Diversion. 
Journal of Coastal Research 14 (3), 882-899. 
Sosik, H.M. and Mitchell, B.G. 1995. Light absorption by phytoplankton, photosynthetic 
pigments and detritus in the California Current System. Deep-Sea Research Part I-
Oceanographic Research Papers 42 (10), 1717-1748. 
65 
Swarzenski, P. 2000. Evaluating basin/shelf effects in the delivery of sediment-hosted 
contaminants in the Atchafalaya and Mississippi River Deltas- a New US 
Geological Survey Coastal and Marine Geology Project. USGS Open-File Report 
01-215.Tassan, S. and G. M. Ferrari. 1995. An alternative approach to absorption 
measurements of aquatic particles retained on filters. Limnology and 
Oceanography 40 (8), 1358-1368. 
Tassan, S., and Ferrari, G.M. 1995. An alternative approach to absorption measurements 
of aquatic particles retained on filters. Limnology and Oceanography 40 (8), 
1358-1368. 
Van der Leeden, F., Trocine, F.L., and Todd, D.K. 1990. The Water Encyclopedia, 
second ed. Lews, Boca Raton, FL. 
Walker, N.D., Wiseman Jr., W.J., Rouse Jr., L.J., and Babin, A. 2005. Effects of River 
Discharge, Wind Stress, and Slope Eddies on Circulation and the Satellite-
Observed Structure of the Mississippi River Plume. Journal of Coastal Research 
21 , 1228-1244. 
Wang, G., Cao,W. , Yang, Y., Zhou, W., Liu, S., and Yang, D. 2010. Variations in light 
absorption properties during a phytoplankton bloom in the Pearl River estuary. 
Continental Shelf Research 30, 1085-1094. 
Wiseman, W. J. Jr., and Dinnel, S.P. 1988. Shelf Current Near the Mouth of the 
Mississippi River. Journal of Physical Oceanography 18 (9), 1287-1291. 
,, 
